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FREQUENCY SHIFTING CIRCUIT AND METHOD 



BACKGROUND OF THE INVENTION 



m 



o 



1 . Field of the Invention 

The present invention 
techniques suitable for a dfei 
mul ti- carrier conimunicaliuiik 

2. ne.?;rri pr .i on of th*a ??elaT 

In neKt generation mob 
attention is focused on xm* 



The Gdina2000 systftm 1fi 



relates to frequency shifting 
modulator of a r^csivsr in a 

iyii Lem . 
ed Art 

ile communications systems, much 
'^uuu (international MoDiie 
Telecommunications-2000) eydtem defined by ITU-R TG S/1. There 
10 have beon proposed several systems such as W-CDMA ( Wideband -Code 
Division Multiple Access) aid cdma2000, which may employ a 
mul ti- carrier scheme to allcjw high-fipeed daLa Lraiii?iiiii>:?iuu . 

dARignAd f.o rArili7.e. upward 
compatibility with cdmaOne donforming to IG-95 and is likely 
15 to employ a multi-carrier scheme in downlinx transmission. An 

ohcmc in CDMA communications is 
bliuwxi in Fly. 10. In this e^lample, it is assumed that the 
frequency offset of sub-carrl^re (Carrier-1 and Carrier+1) from 

and the chip rate is 1.2286 Mcps , 
2U in tne comaune communications, data can be transmitted at 14.4 



example of the multi-carrier 



the center carrier is 1.2 5 MHz 
m tne comaune communications 



multi- carrier cdma system ai 
kbps using three carriers. 



kbpG ucing a i^inglc carrier (center carrier). ±n contrast, the 



ows a maximum data rate or ^3.'/. 
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To successfully receive ancTi a mnl t1 -carri er signal, the 
simplest is to provide a di/fferent receiver dedicated to each 
of a plurality of carriers. However, the number of recelvftrs 
to be needed increases as the number of oarricrs increases, 
ittbulLluy in iiicrecised dirnunt of hardware and increased power 
consumption. 

that a sii'iyle receivtji lij ijJLuvidfcjd La 
p, rarri ers and a digital baseband 



Another solution is 

rPiCP.ivp^ si anal?; on all th 



10 to carrier frequencies. 



processor individually proceaaea t:he received signals accordiag 



.mere have been proposed several 
methods for handling a re|;©ived signal for each of a plurality 
uf ccLrrlfcti b" . 

In Japanese Patent I^nexamined Publication No. 7-221806, 
a demodulator employing time division multiplexing scheme has 

15 been disclosed. More specolf ically. the respective narrif=trs are 
identified by time slots of the time division multiplexing scheme 
ana I- and Q-component signals for each carrier are 
frequency- shifted to produce baseband I- and Q-component 5ignal£: 
fur the ceiiLer ccirrier by pnase rotation computation. 

20 In Japanese Patent Unexamined Publication No. 3-d6654, a 

demodulator employing a carrier selection means at an input stage 
has been disclosed, wore specifically, one of a plurality of 
carricrc ic cclccted aooording to carrier designation data, 
only a signal of rhe seieciea carrier is sub:iectea to quadrature 

2S frequency conversion to produc© I- and Q-compon©nt signals and 
the I- and Q-component signals\ loi" each carrier are 
frequency-shifted to produce bastbanri T- and Q-r.nmpnnp.nr .?-ignal:? 
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for thft rftntftr rarrier by phase rotation computation. 

In Japanese Patent Unexan|lned Publication No. 10-79716, 
a aemoauiator employing a Fastj Fourier Transf o-rmftT (PPT) for 
uced in an OFDM (orthogonal frequency division multiplex) 
receiver has been disclosea. The FFT can be used to separate 
a plurality of carriers. 

Iij Lhe dbuve prior arts, however, a ROM and a complex 
multiplier are needed for phase shifting and therefor«5 thsr^ 
is disclosed no effective means for avoiding complica Liuii '^-I 
tne circuit, increase of the cJrcuit scale, and incre;^?;^ of pnwp.r 



concumption, A multl carrier 
scale and saving power is no 



SUMMARY OF 



tie 



Therefore, an object of 
15 a frequency chifting circuit 

demodulator in a multi-carrier 

Another object of the p 
frequency shilting ciixuit ai 
?ii7.f^.ri portable CHMA receiver 
2 0 According to an aspect oi 

circuit for shifting a frequejncy 
pradetermined frequency band 
de Lfcsiiuiaed by <a pciir of I ( ih 
components on I-Q plane, inc 



receiver having a small circuit 
realized. 



THE INVENTION 



present invftntinn is to prnvidft 
ind method suitable for a digital 

communications system. 
::©sent invention ie to provide a 
d meUiud bulLctble fur a small- 



thc prcsisnt invention, a digital 
Dana ot a signal vector to a 
wherein the signal vector is 
Phase) and Q (quadrature) 

udes ; 
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a control data generator fy>r generating nnnt.rnl data from 

i 

a frequency difference between^' the frequency band and the 
predetermined rreauency tsand; and 

a signal vector rotator for rotating the signal vector on 
Lhe I-Q plant; by <iii ciayle dbtei -mined depending on the control 
data to produce an output signal vector in the predetermined 
frequency band. 



According to another aspe 
digital circuit for shifting a 



cT. of t". h Ft rsr p. s p, n t. 1 n vp. n t i n n , .-i 
plurality of frequency bands of 



input signal vectors to a predetermined center freauency Dana 
:o produce an output signal vector for each frequency band, 
whexeiu eauh ul Lhtj iuyuL blyiial vticLuLS ia deLerniiiied l)y a pair 
nf T (-in-phaf;A) rind Q (quadrature) components on I-O plan^ , 
includes ; 

an analog- to-digital convkrter for convert.i.ng analog 
signal vectors to the input signal vectors according to a 
predetermined sampling clock; 

a control data generator fox generating control data from 
a frequency dirierence between eac h of Lhe plurctllLy uf frequency 
bands and the predetermined ceni er frequency band; 

a signal vector rotator cocresponding to each of the 
Plurality ot frequency bands, for rotating the input signal 
vectors on the I-Q plane by an angle determined depending on 
corresponding control data to shift the frequency bands of the 
input signal vectors to the predet 
and 

a band-pass filter corre5?pniK 



rmined center frequency band; 



d1ng to tbft i^ignal vf^r.tor, for 



\ 
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receiving an output of tne signal vector rotator and pa.qsing 
an output signal vector of the predetermined center frequency 
tiana. 

The control data genax-ato:: preferably includes a phase data 
qenerator for qenerating pnasti data^^ from the treauency 
riifffirp.nne in synchronization with the predetermined sampling 

uluuk, and a uuiivtirLtir for conkrertinq the phase data <P to the 
control data D consisting of a p.l nral Ity nf r:nnt.T-nl bi n^, where 

-i ^ k ^ m-2 (m is <a positive integer) . 

The phase data qenerator preferahly generates the pnase 
data by computing an integral [multiple of a unit angle ^ which 
is obtained Trom a Creauency splft u per period of the 
predetermined sampling clock, Wherein the unit angle A is 
represented by 360^ X 6 , whei-iiu Lhe fretiuttiicy shift o is 
obtained by dividing tne trequkncy difference by a frequency 
of the predetermined sampling ojLook and ic rcprecentcd in form 
of RN / 2" (RN is an rational number) . 

The converter preferably performs a conversion operation 
according to the lollowiny i>lt5i|a: 

Step 1) k = -1 and |\ = 
Step 2) = sign bJl Of 

Step 3) if k = m - '^.jthen exit, else go to step 4): 
step 4) - - when Dv = 0, and 

'I^.a = - when u, = 1, 
where ^ - arctan(2"') 
Step 5 ) k - k 1 ; and 
Step 6] go to step 3) 
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Tne signal vector rotator preferably includes a plural i ty 
of partial rotators Rj^ which arc connected in aeries in descending 
oraer of a rotation angle , wnerejin tne partial rotators k^, receive 
the control bits Dj^, respective 



predetermined angle depending 
received from the converter . 

In the plurality of part 
rotator R.^ rotates an input aigfi 
^-J to produce a first output 
follows: - D.i X Qi^^ and Q 



f ci previous staqe R^.i by a 
on a corresponding control bit 



furtner. eacn of partial lotators Kj, (0 ^ :< ^ m-'^) rotates 



an input signal vector ( I^n^^ ' 
an output signal vector (lout.k 
I,.. > * X X Q 
-2 



la , K 



wnere D^. uses numerical value 



a iiumexical value "-1" lb repr 
The i=;igria1 vector rotator 
(I^n. Qin) having an absolute va 
ahsnlnte value ^^.^ become? 
ae follower 



ly, and each of the partial 



al vector (I^- , Q^^; oy ClH angle 
ignal vector (I.,^,,.- . Q.,....,i) 



2in,<) angle to produce 

Qout.k) as follows: 
. ; and 

iepresentation such that a 



numerical value "1" is reprosoi.ted by a logical value "1" and 



tjseuLed by a loyical vcilue "0". 
rotates an input signal vector 
,,ue by ail anyle O whilti Lhu 
where C-) and Z are represented 



0 - Z).^ X 90^ + y * arccan( 



ZquI 



Zin 



I'l—i. 

[]cosa. 



') and 
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Since a signal vector aeterm^ned by the input l and Q 
components is rotated around the origin of the I-Q plane to be 
Irequency-sliirtod to the ceuLer Jarrler band, tne respective 
.Q-ignr?l vp.r:t.nTs of the frequency baiids are obtained in ths center 
carrier band. 

mo 1.ti -carrier CDMA communication!;, the present invention can 
provide a frequency shifting ciriuit without the need o£ ROW 
dim muitlplisr. which is simplifip-d. radur>ed J.n powe.r 
oonGumption, and suitable for a smail-aized portable terminax. 
Since tne freauencv shifting ciriuit rotates a signal vector 
on the I-Q plane by means of digit sil computation , it is possible 
to demodulate received signals in the upper aud luwer bciudii iiiLu 
signals in thft cftntftr hand with f.vtreme.ly high precision. 



15 



BRIEF DESCRIPTION OF THE DRAWINGS 



FIG- 1 is a block diagram snowing a circuit of a 
demodulation circuit employiaij a Ifrequeiicy ^hif Liuy circulL 
according tn an embodiment of the! present invention; 



FIG. 2 is a block diagram shomng a phase accumulator usea 
2 0 in the frequency shifting circuit lof FIG. 1; 



FIG. 3^ is a block diagram shAwing a counter used in the 
phase accumulator of FIG. 2; I 
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FIG. 3B ie a timing chart crowing a relationship between 
a sampling-rare clocx ana an ouxjput of tne counter; 



FIG. 4 is a blocK dl<ayr<iiu 
signal generator used in the 
5 1 ; 

FIC, 5 lis a block diagram sj 
freauency shlftlncr circuit of T 



ahof lug a frequency shift control 
frequency shifting circuit of FIG . 



FIG. 6 lis a blocK Jlayj-aiu 
frPiqtiAnny shifting r.irnnit nf FT 



howing a de-roi 



FIG. 1 



ator used 2.1 



huwiiiy d xuLaLu-L- uiieJ la Ulie 
G- 1 ; 



iU FIG. 7 IS a blocK diagram 

need in the rotator and tho dc 



snoring a partial rotation circuit 
-r[otator ; 



FIG, 8 is a block diagram 
circuit used in the rotator and 



showing an initial rotation 
,he de-ruLaLui; 



FIG. 0 3-3 a table showing correspondence between a partial 
rotation angle and its cosine in leach stage of the partial 
rotation circuits in each o£ the jrotator and the de-rotator; 



FIG. 10 is a schematic diagram fehowing an example of a power 
spectrum ot a multi-carrier signal! 
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DESCRIPTION OF THE PREFEMiED EMBODIMEWT 



Q 



Hereafter, a. preferred embocllme nt or Llie piaseuL invention 
wn 1 hft rtflscrlhflf! by referring to the drawings. 

A frequency shifting demodulat:.Qn circuit according to the 
present invention includes a weii-}|nown quadrature frequp.nny 
converter (nor chown) zhaz rcproduots In phase \I) componenTra 
cind Quadrature (Q) components ?rom deceived siqnais according 
to the quadrature modulation schamal 

Here, it is assumed, as shuwu ia ?iy . 10, Lhal Lli^ I aud 
1 0 Q nompnnAnt.c; rirp. rAprnrinr.P.ri from recejived signals on the center 
carrier and the two sub-carriers. Ftequencies of the sub- 
carriers are snif ted from the center darrier by the same amounts 
in the lower- frequency and higher-f ffeguency directions, 
respectively. In this example, the frequency offset of each 
15 sub-carrier is 1.25 MHz and the chid rate is 1.2288 Mens. As 
described before, since the number ol carriers is 3, a luaAiuium 
data rate of 43.2 kbps c.r^n be obtained . 

A3 shown in FIG, 1, the frequelcy shifting demodulation 
Circuit further includes an analog- tp-digitai (A/u) converter 
20 101 which causes the input I and Q components to be converted 
iiiLu diylLal roriu accuxdiuy lu d scuu|jliay rate clock havinu a 
f:;amnling ratA which is eight times tJhe chip rate. The A/D 
converter 101 outputs digital I and 6 components to each of a 
de-rotator (or a negative frequency snifter) 1U2, a non- 
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rotator (or a non-snifter) 103, and^'a rotator (or a positive 
frequency shifter) 104 . The de-rotator 102 , the non-rotator 103 , 
dud the rotator 104 are couiiectec^' to finite impulse response 
(FIR) filters 105, 106 and 107. refspectively . The FIR filters 



7. rJ) 

and-])' 



105 , 106 and 107 have the some band 
for the center c^arrl er Cr3rr1fir-0 
for higher 3ub carrier Carrier+1 
carrier Carrier-0, and signals i 



ass filtering characitixla Lxc 
rinrl output signals I.^ and Q.^ 
3ignal3 I., and Q,, for center 
arid u - ror lower suo-carrier 



Carrier- 1 to corresponding desprsaders (not shown/, 
10 reapecLively . described latei , a phase accumulator lOo 

generates phaee data 5^ from a prodktcrmincd campling rate clocjc 
and a frequency shift control signal generator 109 converts the 
phase data ^ to frequency shift cjontrol data D and outputs it 
to each of the de-rotator 102 and the rotator 104. 
15 The de-rotator 102 decreases the frequency of I and Q 

components from the frequency of the sub-carrier Carrier+1 to 
Lhe center carrier frequency bciaa by rotating a signal point 
(ip.rfirmi rtPid by the I and Q components for the sub-carrier 
Carrier+1 around the origin of an I-Q plane. Here, the amount 
2 0 of treauency shift is -1.25MHz. llhe non-rotator 103 does not 
shift the frequency of the center carrier but performs gain and 
timing compensation. The rotator lo2 increases the frequency 

of I and Q components from the frenuency of thQ sub -carrier 
Carrier- 1 to the center carrier frequency band Uj ruLaliiiy a 
2b Signal point determined by the T anVi Q rompnnp.nti:: for the 

cub-carrier Carrier- 1. Here, the amo\^nt of frequency shift Is 
-Hi. 25MHz . 
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in this manner, the respect3|Ve input signal vectors of the 
sub-carriers Carrier+1 and Carrier- 1 are shifted to the 
fxequfciucy band ol Llie ceuLttr Cci::r"ier-0 and there! ore the 
respective signal vectors (I,^ , 
are output through the FIR filteis 105, 106 and 107 hdvlay acaite 
hand-pass filtering charar.tftri c^i r. for rhp; n«ntAr n^irri.er 
Carrier 0 , 



O.J, (I, , QJ, and (I., and Q,,) 



Phase ciccumu,Lat Ox 

Refeniay lo FIG. 2, the pi 



ase accumulator lOS is composea 



of a s^lmnli^^-rate clocJc generator 201, a counter 202, a full 
adder 203, and a register 204* As an example, the full adder 
20'^ is a li-Dir tuil adder and the register 204 is a 13-bit 
rcgictcr. A campling rate clocjk generated by the sampling 
rare clock generator 201 is oudputted to the counter 202 and 
the register 204 as well as th© A/D convertor 101. An integral 
mulLlplo or a fraction of Liit; boiuplixiy rale ^luuK may be oulpuL 
tn the counter 702 and tHe registir 204. The counter 202 divides 
the sampling-rate clock in frequeticy by N (here, N-3) and outputs 
a carry signal W to the full addet 203. The full adder 203 adds 
the output of the register 204 rcocived at input A, a 
predetermined binary number Z (hire. Decimal 1041) received at 
input B, and th^ carry signal W received at input C. the 13 -bit 
register 204 stores the output of\ the full adder 203 according 
to the sampling rate clonic. 

Hereinafter, the chip rate <M each carrier is assumed to 
be 1,2238 Mcps . AS for the samplihg rate, it is assumea that 



2000 04/11 TUE 16:50 FAX 03 3288 3222 KatGurasi Patent ^ 02TR0LENK 



(1014/040 



G 



10 



15 



2o 




PQ5-4C1 



12 



uue ciiip is sampled by eignt-tlm^s oversampling compared wirn 
the chip rato.- Further, it is assumed that the frequency shift 
or each sub-carrier Iroiu Lht; ceuLti'L- carrier is 1. 25 MHz . At this 
time, a frequency shift 0 per sample is 1.25 MHs/(1.228S 
Mchips/sec X 8 samples/chip) , wl|lch is approximately 
0. 1 77/sample. Therefore, a product A of 0 and 360 degrees is 
approximately 4 5.7 degrees. By taking A as a unit angle, phases 
m zne range of 360 degrees rang 

degrees are represented by, for a. 
In uLher words, 360 dtiyrtieb are d 
Tnn<^, C= 4096) r^nglp. i nrii catidn points are provided at equal 
intervals between -180 degrees and 0 degree, and 2'" {- 4096} 
angle inaication points are provided at equal intervals oetween 
0 degree and ^180 degrees. Representing (A/3C0) approximately 
by using '*2''''\ we get (1041 + 2/3) 
number "1041" to a 13 -bit binary 
0001" 

As fihovn 1n FTG. 7, the fu 
an output of the 13-bit register 2C 



Ing from -180 degress ro -ibu 
;iample , 13-bit binary number-:. 
Lvidiiu liicu 2'' (= 6192) parts. 



20 supplied with the above-describ€^d Dinary number Z. i.e 



decimal number 1041 (hereafter. 



ab ILs iupuL B. The full adder 2 03 adds the A input and the b 



/ . converting the decimal 
number we get "0 0100 0001 

1 adder 203 is supplied with 
4 as its input A, and is further 



:he 



simply referred to ac "1041") 



input which is 1041. Thus, "A 
to add the fraction 2/3 to the 
calculate "A + (1041 * 2/3]", th 

the counter 202 is input to a carr^ terminal C of the full adder 
203 . 



:041" is calculated. Further, 
suit "A ^ 1041", that is, to 
i carry signal W output from 
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Eventually, the result of '^A + 11^41 + 2/3J" .is ontpnt from 
the 13-bit register 204 as phase datp The 13-bll: j-eylster 
204 holds the output or the full aaaer 203 at timing (e.g. leading 
©dge) of the sampling-rate clock. Ip thic way, the phacc 
5 accumulator 108 produces phase data a binary number equal 
to the product of the unit angle A abd a natural number in 
synchronism with th« sampling-rate ctLock. 

Keterring to 3A.. the count Ar 202 is c:nrnnn<;nd nf rvo 

D-type flip-flop circuits 301 and 30 2 land an NOR ^c^zc The 

10 output Q of the flip-flop circuit 301 is connected to the input 
D of the flip-flop circuit 302 and the pna input of -h© NOR gate 
303, The other liipuL of the NOR yale 303 1:^ cuiuiecled Lu lli^ 
output Q of th« flip-flop circuit 302, The output of the NOR 
gate 303 is connected to the input D if the flip-flop circuit 

15 301. The sampling -rate clock is supplied to both the ciocK 

terminals of the flip-flop circuits 3dl and 302. The inverted 
output QB of the flip-flop circuit 30z is output as ihe carry 
signal W to the carry input C of the full adder 203. In this 
example, the counter 202 divides the fcrequeaoy of Lhti 

20 sampling-rate clock by N ^ 3 . 

A3 shown in Fig. 3B, the carry signkl W, that is, the output 
Of the counter 202 is "i" during two dlock periods or tne 

sampling-rata clock, and "0" during one clock period of the 
iidiuijliny -rdLe uluuk. Thexefurti, when tha full adder 203 inputs 
2S thft carry cjignal W at its carry input C \f rom the count 202, 2 
is added to (A + B) every three clock periods. As result, 2/3 
is added to the output of the full aaaer 203 per clock period. 
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Frp.q. ghi-Ft gontrol signal aQnerator 

Rt;£erriii9 lu FIG. 4, Lht; frequency shift control signal 
generator 109 receives the phase lata ^ from the phase 
dLccumulator 108, generates thirte 



in partial phases {'I? 



' ^^\o' and thirteen control signals D (D.^, D^, D,, 



Oio^ D.J. 

Hereafter, an algorithm for generating tne control signals 
D on rhe basis of the phase data ^Iwiil be described, i.n jxg. 
4, functional blocks for implementing the algorithm are shown. 
10 The algorithm is constructed by the following steps; 
SLep 1) k = -1 and 0, [= ; 
Step 2) Dj, = sign bit Af 
Step 3) if k - 11, thcA exit, else go to step 4); 
Step 4) ^Pj,,i 0 J when = 0, ^nd 

15 - '^^k 5 J when = 1; 

SLwp 5) K = k + 1; and| 
5;t:ftp 6) go to step 3). 
More specilically , K iii seL lb -1 and the phase is set 
as ^I^,^. If ^..^ has a positive value then the most significant 
20 bit (MSB) D.;^ of the control signal p 13 set to a logical value 
"1" and IS set to + 90. If ^'.Jhas a negative valn^, thftn 
D.i ic eet to a logical value "0" aid set to - 00. 

Subsequently, it is determined Whether the numerical value 
obtained earlier is positive or negative. If has a 
2 5 positive value, then the logical value of is seL Lu 1 aud ^i^ 
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^ IS set to + If ^diS a negative value, then 1 f=; 
to a logical value "0" and ic cet'^^ = " ^o. where' 6?^ = 
arcLcia (Z'')* Generally, d = arctanC^'^) . 

In succession, it is determined 
negative. If i has a positive Valut 
of D, Is SAt. to 1 and 0 i 5 .^et to 



value, then is set to a logical value "0" ind 4-. is set to 



Here, 0.^ to be added -lo or 3\ibz 
DY twelve data selectors as indicatecL 
to 404 depending on the sign bit of '3 
or negative. If ^P-^ is positive, th 
corresponding adder. When Is n^ga 
tha corresponding adder. Generally 

"0", men $^,,.1 = ^ 



If Dj, has 



By ytJiitsLaLluy iii Lhis manner, the numerical value of 
can be brought closer to 0 success, .vely as close as possible, 
There is improved the precision of apj roximation of the rotation 



whether is positive or 
, Lheu Lhe luyical value 
i^,. If^^ has a negative 



acred rrom v.^ ia supplied 
by relextiiiue uuattii'cilb' 401 
that is, "^i^,^ is positive 
la ^uppiitjJ Lu a 
iVA, thp.n + ^9 ]c i's supplied 
if hae a logical value 

a logical value " l " . men 



angel 0 by which a signal vector in 
Generally, if the value of k become^ 
is assumed to be approximately 2 a arc 
mef.hnri is mnrft Affp.ntive . 



the I-Q plane is rotated. 

larger, then arctan(2'*) 
aiiiZ'''''' } . Therefore, this 



Eotaror and ue-rotaror 
2 5 Referring to FIG. 5, the rotatoq 



104 id designed ro rouatc 
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a signal vector on tne I-Q plane by/an angle G) dfttfirmined 



depending on the control signals D 
The rotator 104 Is computed of Lhirteeln partial rotation circuits 
(R-i, ^10' ^11^ which are cascade -connected. The respsctlve 

control signals D.^, D^, D^, , D, 

partial rotation circuits R.^, R^, rI 



Referring to FIG. 6, the de-rDtator 102 is designed to 



D^^ are provided to Llie 



rntate a signal vector on t.hA T-Q r 
'IstarminQd depending on the control 
D,.^, D,,)- Thti de-JLuLaLux" 102 lis ;;oiup 
rntritinn rir-rnitc; r.^^ r^^ . . . , R 

rotator 10 4 and inverters INV,;; IN"^ 
Tne respective control signals D.^, 



l^^HA hy an angle of - 
ignals D (D.^ D,. . - - . . 
oaed Oil tiie same pa^rrial 
R,, as those used in the 
, IiW, , . . . , INV, , , ll^-^'ii . 
It)., D, D,o- D,, are 



connected to the partial rotation oir suite R.^, Rq , R 



^1 



Ho- 



R,, through the Inverters INV.^, INVo,j INV^ INV^^, INV^,. 

Referring to FIG. 7, the partiil rotation circuit R.., at 
the initial stage receives the and 0^^ coiuponouL i>lyiiali? fioiu 
tbA A/n convftrtAr 101, and outputs QLc-i ^uuc.-i component 

signals to the partial rotation circuit Rq at the next stage. 

The partial rotation circuit K.^ incluaes two multipliers 
801 and 802, and a sign inverter 803. The Q^^^ component signal 
lb lapuL to Lhe multiplier 801. The I^^ Component slqnal is input 
to the multiplier 802. The control signal D._ is input to the 
sign inverter 003 and the multiplier SOiL . The sign luver Lei' 503 
supplies Its output to the multiplier! 802 . 

In other words, relations between inputs and outputs of 
Lhe partial rotation circuit R.:^ are represented tiv the following 
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and 



(1) 



where D., nsftss nnmAri r.al value rejjresentation such that a 



numerical value "1" is rspresented 
a numerical value is repre5?«n v 

The partial rotation circuit 
rne signal vector (I. Qj by an anglp- 0.^. imorn-ina the 
equation (ij, 5 is plus 90 degrees when the numerics! value 
of rhe control signal D,. is anc. 5 ..^ is minus yu degrees wnen 

thp, mimerical value of the controJ 
way, the partial rotation circuit F. 
wxunout cnangmg rne aosoiute vaii.e 

Referring to FIG. 8, a partial 



by the logical value " 1 " and 
Ari by thA logical value "0" . 
R,, la a circuit for rorating 



signal D.^ is "1". In this 
rotates the signal vector 
ol the signal vector, 
rotation cirouitc Rv which 



15 lb- any uf the parLliil rotation clr::ults to R,, 13 a circuit 



Tne output of the constant 
rreeponding control signal 



which receives Q^^ and I^^^^ from thd previous stag© and outputs 

o.j^ ^..^ -out.k- "^^^ partial roLaLi^u v^iruulL iucludes Lwu 
constant mint1pl1«rfi 701 f^nd 704, tUo multipliers 702 and 705, 
and two adders 703 and 706. The signal is input to the adder 
20 703 and tne constant multiplier /ui. 

multiplier 701 is multiplied by a cc 3 

DX <iL Lhe inulLiplier 702. The output Of the mulilpiier 702 is 
inverted in sign and input to the adfier 706. The signal Q,^ ,. is 
input to the adder 706 and the constant multiplier 704. The 
2 5 output 01 the constant multiplier 7^4 is multiplied by a 

corresponding control signal Dk at vho multiplier 705. The 
uuLuuL of Lhe inultipller 705 is Input z\ the adder 703. in other 
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words, relations between inputs and/outputs of eacti of ttie 

partial rotation circuits to ,are represented by the 

I 

} 

rollowlng oquatiuii (2); ' 

Q_., = -2-^ X D, X i,^.^ ^ Q,^, [2), 
wiiere uses numerical va.lnft r^prft 5ftnrari on <;nch that a 
numerical value "1" is represented b^ the logical value "1" and 
a numerical value "-i" is represented "oy tne logical vaiue "O" 

Th© partial rotation circuit R. 
rotating a signal vector iQ^^^, 



:o the abovQ equation (2). 



iiuiutiJ.ical valutt ui Lilt; cuuLrui aiyi 

arctan( ii aegrees wnen tne numerical 
Dj, ic "1". In thic way, caoh of the 



15 Ro to R^i rotates tne input signal vector (Qin^H- ^m^J angle 



0.^. Ac a result of the rotation, th: 
input signal vector becomes prupurL. 

cos^.^. Therefore, the absolute valiie Z^^,^ o£ th© output signal 
vector becomes {Z^^/cosG^) 

heretofore, tne partial rotation circuits h.^vft bftt^n 
described. The rotator 104 l3 a circuit formed by cascade - 
connecting thirteen partial rotatidn circuits (R.,. R^- R; 
R,;., R,.)- Wh-an a signal vector (I, Q) having an absolute value 

e signal vector Is rotated 



{R, to R.-) ic a circuit tor 
oy an angie 7^. According 



ic +a^atan{ 2"'') degrees v/hcn the 
dl Dv is "-1" and is - 
value of the control signal 
partial rotation circuits 



2, absolute value Z^^ -^of the 
..uualtt Lu Lht; reciyrucctl of 



.e becomes Z,., to output it 



is input to the rotator 104, tlx 
by an angle W and its absolute vali 

from the rotator 104. The angie O trnd Z^^^ drtj rtsprtibeu Lcju 
the following eauatlons (3) anG (4)\ 



2000 04/11 TUE 16:52 FAX 03 3288 3222 KatGuragi Patent OSTROLENK 



i 02 1/040 



i"Q5-461 



19 



0 - X 90° ■!■ y dKtda(2'- ) 
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Zoul - 



Zin 



m 



Q 



Q 



(4) 



FIG, 9 is a table showing correspondence reiauioii^ <3.iiiuuy 
5 X, 2"-\ -'^v. cosn.^. and i= X 2'\ According zo zhe -aola, che 
denominator or the right aide of -he equation {4} is a constant 
0 . 6072529591 . 

As described above, in multi -carrier communicatlonc , in 
pdrliiculdr, multi-cdxxifcir CDMA cuiuiiuuicaLioiib , Lhe present 

10 1nv(:%ntinn hp.r<af.of orA rip.c;r:ribed provides a frequency shifting 
circuit which is simplified, reducAd in power consumption, and 
suitable for a small-sized portable terminal. Since the 
froguency shifting circuit rotatecla cignal vector on the I Q 
pldne by means of diqital computation, it is possible to 

15 demodulate received signals in tha upp^r and lower bands into 
signals in the center band with exlWemely high precialou. 



